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1, Which technical problem does your invention propose a solution to? 

2. How has this problem been solved up until now? 

3- in which manner does your invention solve the indicated technical problem 
[please indicate its advantages)? 

4- Therein lies the inventive step? 

5. Embodiment (s) of the invention. 

1) Subject of the patent application 

The present patent application describes the use of AuBi thin-film solders for 
utilization in soldered connections and preferably for the manufacture of 
thermoelectric components such as peltier coolers and thermo- genera tors, 

2) State o£ the art 
See Attachment, 

3) Solution of the problem 
See Attachment. 

4) The inventive object is achieved by the embodiment* i to 7 described in the 
Attachment. 

See Attachment* 

6, The following attachments are enclosed for further explanation: 

3 pace (si showing representation (a) of one or more embodiments' of the 
invention? 

(if possible the drawings should be prepared in PowerPoint or Designer format) 

page{s) with additional descriptions (e.g, lab reports, test 

reports) ; 

page(s) of literature describing the state of the art on which the 

invention is baaed; ** 
other documents (e.g. diskettes! particularly with drawings of the 

embodiments) : 

*) Plana* eneloafi photocopies of all cited publications (ox-Uclac in fwU ; far hock* ehe relevant 
chapter) with complete bibliographical data. 
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7 T Which departments are interested in the invention? Infineon Ventures 

8. Has the invention already been tested (performance of tests, fabrication of 
prototypes) ? 

X no CI Yes, result ; 

9. For which products is the invention applicable? Thermoelectric components 

10. is application of the invention planned? 

□ No X Yes/ at: MicroPelt (Infineon Ventures) 

11. Has a product based on the invention been supplied or is its supply 
planned? 

□ No X Yes, on (estimated): 7,1,2003 \ Name of the product: Peltier 
Cooler 

12. Is publication of the invention planned, or has it already been published? 

x No □ Yes, on (estimated) : in book, periodical: _ 

13. is disclosure of the invention to persons outside the company planned or 
has the invention already been disclosed to persons outside the company? 

X No □ Yes, on (estimated) : to 

14. You are requested to assess the following criteria to your best ability; 
a Difficulty for competitors to work around the invention 

Equivalent alternatives 

□ Not practically realizable 
X Requires effort 

□ Realizable without difficulties 

b Attractiveness of usage to competitors 
Competitor interest 
x Exceptional 

□ Average 

□ Minimal 

c proof of usage by competitors 
Proof of usage 

□ Possible without difficulties 
X Complex 

□ Practically impossible 
d Xa-house usage 

X (Probably) yes 

□ Uncertain 

□ Unlikely 
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AuBi thin-f iXro solder 

Harald Bottner, Martin J&gle, Axel Schubert (10%) 
Subject of the. patent application 

The present patent application, describes the use of AuBi thin-film solders for 
utilization in soldered connections and preferably for the manufacture of 
thermoelectric components such as peltier coolers and thermo-generators . 

State of the art 

Patent application publication DE 19B 45 104 Al describes in detail methods 
for manufacturing thermoelectric transducers/ manufactured at wafer level in 
varying embodiment©. One substantial core aspect of a number of the 
embodiments is that components comprising two substrate wafers, coated with 
the respective complementary n/p materials, . are manufactured- A further aspect 
of this technical teaching is the fact that, in one of the last process steps, 
both wafers must be soldered to each other in such a manner that the 
structures of the wafers are opposed to each other. A number of methods have 
been set out in the above patent application publication in order to achieve 
this. The only low-temperature solder suitable for this purpose, which must be 
structurable for applications in the manufacturing of components, indicated 
here is AuSn. The reason for this is the low soldering temperature which can 
be achieved hereby and which is required in order to ensure functional 
capability of the components/ and which lies just above the eutectic 
temperature of 276 Cl C, see Figure 1. AuSn is used as a standard solder in a 
number of electrical engineering applications, one of the reasons for which is 
its relatively noble character (high Au content) , 

problem solution 

One disadvantage of the soldering partner AuSn is the fact that, for use in 
thin-film technologies, e.g, in the case of sputtered contacts, this material 
must be manufactured as a special target with the gross composition of the 
eutectic alloy, it is known of multiple-component targets that they change 
their composition with time as a result of preferential sputtering of various 
elements, so that the problem in principle of the change in composition of the 
sputtered-on thin layer is always present. An analogous problem arises in the 
case of thermic evaporation from a mixed source. A further significant 
disadvantage of this solder for the above wafer /wafer bonds also results 
directly from the phase diagram of AuSn, Figure 1. Starting from the eutectic 
with 7{3at% Au, the temperature of the solidus curve increases significantly 
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with increasing Au content. According to the above patent application 
publication, Au is the preferred contact partner. Therefore the soldering 
process is quasi self-stopping because of the partner au. Process optimization 
is thus made mora difficult. As the soldering process must be performed at 
preferably low temperatures for protection of the entire component structure, 
the soldering temperature must not exceed the eutectic temperature of 276°C by 
much. 



AUmLr Percefcl .Tin 

5u 9 » 4d w en ' Tft 'flp " 

i 




au hlgfat P*poent Tin Sto 

Figure li Phase diagram for Au-Sn 



For technological further processing, the proportion of the base Sn of 30at% 
is also a disadvantage, A further disadvantage lies in the fact that, due to 
the extremely different chemical properties of the elements involved, AuSn 
films can only be poorly etched by wet chemical means. In addition during wet 
chemical etching of AuSn there is always the risk of the formation of finely 
distributed Sn0 2i which usually adheres well- For technological steps which 
follow on from possible wet etching, contamination with Sn0 2 is an 
incalculable risk, as a consequence of this, AuSn is typically structured by 
means of a lift-off process. At typical layer thicknesses for such thin-film 
soldering processes, which are preferably in the region of -1-2 )m, this is 
known to be a significant technological problem. 

The disadvantages of this behavior are thus evident. The inventive object is 
therefore to develop a low- temperature solder which: 
1. displays a similar eutectic temperature; 
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2. makes possible the use in elemental form of the components involved in 
the solder; 

3. displays low taxicity,- 

4. has a similar, noble character; 



6, is easy to solder with Au; 

7, displays with increasing Au content a low increase in the solidus curve 
in the vicinity of the eutectic. 

The inventive object is achieved from the use of Bi as the soldering partner, 

Notes on 1: 

*a similar eutectic temperature' j 

The phase diagram for AuBi, Figure 2, displays the required low eutectic 

temperature. With 241°C for the eutectic temperature, the conditions are 

still significantly more advantageous. 
Notes on 2: 

"makes possible the use in elemental form" ? 

Bi can be used in elemental form. 
Notes on 3i 

"low toxicity* : 

When handled normally in elemental form, Bi is non-toxic, and as a 
result no safety identifications are required according to German 
regulations. 
Notes on 4: 

■similar, noble character"! 

Bi is known as a noble element which naturally occurs in solid form. 
Notes on 5: 

"easy to process": 

Bi is easy to process and etch in thin-film processes. 
Notes on 6: 

"easy to solder with Au v : 

This is given according to the inventive embodiments by virtue of the 
eutectic contact. 
Notes on 7: 

*with increasing Au content a low increase in the solidus curve must be 
present* : 

This corresponds to the information in the phase diagram. 



5. 



is easy to process and easy to structure; 
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Figure 2; Phase diagram for Au-Bi 

Far e.g. the manufacture of thin- film thermoelectric components , as also 
described in the above patent application publication, the manufacturing 
process described there is simplified significantly, in contrast to AuSn, see 
above, the soldering partner Bi is easily striicturable. No interfering 
reaction productH are formed during wet chemical processes. The soldering 
process ie simplified as a result of the formation of the AuBi eutectic 
between the Au and Bi layers. The flat solidus curve on the Au-rich side 
further provides scope for freedom in the design of the soldering process, as 
no self-stopping soldering process like the one encountered in the case of 
AuSn come$ into play here. 

Embodiments: 

The following embodiments are used to explain both possible fabrications and 
applications. 

Example It Manufacture of a aolderable Bi thin-film structure through etching 
techniques 

The manufacture of structured solderable Bi layers is performed according to 
the standard methods of thin-film technology. 
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Photoresist 




gteftugg aethod 



Substrata 



2. Etched Bi-lay«r 



Figure 3: Example 1: Schematic clarification of Bi layers structured through 
etching 



Example 1, Figure 3 shows the manufacture of Bi layers by means of etching 
techniques , wherein both wet and dry techniques can be applied. In analogous 
fashion it is possible to manufacture Au layers (not shown) . The thicknesses 
for both materials are in the range from a few 100 ran to a few unci, preferably 
around 1-2 urn. In terms of their properties and layer thickness, the materials 
of the auxiliary layers for the technical processes of etching or lift-off are 
governed by the requirements of the soldering materials and the structuring 
technology used. Preferably, photoresist can be used for both soldering 
partners Au and Bi and for both mentioned etching technologies. 



Example 2: Manufacture of a aolderable Bi thin-film (structure through lift-off 
technique ft 



Figure 4: Example 2: Schematic representation of Bi layers structured through 
lift-off 

Example 2, Figure 4, schematically shows the manufacture by means of a lift- 
off process. The thicknesses for both materials and technologies are in the 
range from a few 100 nm to a few urn, preferably around 1-2 urn. In terms of 
their properties and layer thickness, the materials of the auxiliary layers 
for the technical processes of etching or lift-off are governed by the 
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requirements of the soldering 'materials and the structuring technology used. 
Preferably, photoresist, can be used, for the lift-off process for both 
soldering partners Au and Bi and for the standard physical coating techniques, 

Example 3: Embodiment of the eutedtio AuBi thin-film eoldered connection 




Figure 5: Example 3: Schematic diagram of a eutectic soldered connection with 
structured soldering metals during the adjustment before the soldering process 

Figure 5 schematically shows an embodiment of the eutectic AuBi thin- film 
soldered connection with structured metal layers directly before the soldering 
process. 




Figure 6; Example 3: Schematic diagram of the layer structure after the 
soldering process 

Example 3, Figure 6, schematically shows the embodiment of the eutectic AuBi 
thin-film soldered connection with structured metal layers after formation of 
the eutectic. The layer structure shown in Figure 6 is an important feature of 
the inventive eutectic soldered connection. After the soldering process, the 
eutectic is formed between still remaining portions of unused source material. 
In some cases an interdiffusion contact made of Au/Bi can be used {not shown 
here) as a pre-stage. 

Similarly to the case of AuSn, it is further also possible through the setting 
of corresponding requirements during the respective physical coating method to 
preset the eutectic corr^posttion of au in relation to Bi as a physical mixture 
and to thereby use it as an additional solder layer in some cases (not shown) . 
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Example 2, Figure 4, schematically shows the manufacture by means of a lift- 
off process. The thicknesses for both materials and technologies are in. the 
range from a few 100 nm to a few iim, preferably around 1-2 ym. in terms of 
their properties and layer thickness , the materials of the auxiliary layers 
for the technical processes of etching or lift-off are governed by the 
requirements of the soldering materials and the structuring technology used. 
Preferably, photoresist can be used for the lift-off process for both 
soldering partners Au and Bi and for the standard physical coating techniques. 

Example 3; Embodiment of the eutectic AuBi thAzi-JEilm eoldered connection 




Figure 5: Example 3; Schematic diagram of a eutectic soldered connection with 
structured soldering metals during the adjustment before the soldering process 

Figure 5 schematically shows an embodiment of the eutectic AuBi thin-film 
soldered connection with structured metal layers directly before the soldering 
process. 



Eutectic 




Figure 6: Example 3: Schematic diagram of the layer structure after the 
soldering process 

Example 3, Figure 6, schematically shows the embodiment of the eutectic AuBi 
thin-film soldered connection with structured metal layers after formation of 
the eutectic. The layer structure shown in Figure 6 is an important feature of 
the inventive eutectic soldered connection. After the soldering process, the 
eutectic is formed between still remaining portions of unused source material. 
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in some cases an interdif fusion contact made of Au/Bi can be used (not shown 
here) as a pre-stage, 

Similarly to the case of AuSn, it is further also possible through the setting 
of corresponding requirements during the respective physical coating method to 
preset the eutectic composition of Au in relation to Bi as a physical mixture 
and to thereby use it a© an additional solder layer in some cases (not shown) . 

BxiuqpIb 4b Embodiment of the eutsafeia soldered connection in a component which 
has additional functional layers 



Bond eXfiotro.. 





Figure 7: Example 4: Embodiment of the eutectic soldered connection in a 
component 



Exaiqple 4, Figure 7, schematically shows an embodiment of the eutectic AuBi 
thin-film soldered connection in a thermoelectric component having two 
complementary n/p wafers before - upper picture - and after - lower picture - 
soldering. The layout and structure of the complementary n/p wafers correspond 
to an embodiment in the abovementioned patent application publication. Figure 
7 shows the arrangement of metal layers for execution of the eutectic 
soldering. Further necessary metal layers for layer adhesion and/or diffusion 
barriers do not form part of this technical teaching. The arrangement of metal 
layers given in Example 4 having Au on the substrate and Bi on the functional 
thermoelectric layer can also be applied in the complementary arrangement. 
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fcs a further development of Example 5, Figure 8 schematically shows two 
embodiments, Example 6, for use of the solder without electrical 
functionality. Here, the solder is used for. the bonding-on of a fluidic cell 
and/or a capacitative moisture sensor, wherein both possible layer sequences 
for the soldering metals can also be used for this purpose- The IDK structure 
is tilted into the paper plane for ease of identification, in this example, 
the use of the inventive solder ie shown schematically for the thermostating 
of a fluidic cell on a peltier cooler. 

Here, both the inner bonding quality of the eutectic connection and the good 
thermal coupling to the peltier heat sink are exploited. An electric usage of 
the soldered connection is not given here* 

Example 7: eutectic solder as bond contact with electrical functionality for 
laser cooling {usage in submaunt technologies} and without electrical 
functionality for bonding on heat sinks 




Figure 9; Example 7: Embodiment of the eutectic solder with electrical 
functionality for laser cooling and without electrical functionality for 
bonding on heat sinks 

As a further development: of Example 5, Figure 9, Example 7, schematically 
shows the simultaneous usage of the solder with and without electrical 
functionality. Here, in a further development of Example 5, the solder is used 
to bond on heat sinks, wherein both of the possible layer sequences for the 
soldering metals can also be used for this purpose, eee Figure 9. The heat 
sink can comprise an Si-wafer which i$ (100) anisotropically etched with KOH, 
In this embodiment, both the inner bonding quality of the eutectic connection 
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and the good thermal coupling to the pel tier heat sink are exploited. An 
electric usage is not given here. 
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Claims: 



Au/Bi eutectic thin-film solders formed from the elements 

Au/Bi eutectic thin-film solders formed from the eutectic composition 

Au/Bi eutectic thin-film aolderB r manufactured by means of PVD methods 

Au/Bi eutectic thin-film solders, manufactured having one layer comprising the 

physical mixture of the involved elements at the concentration ratios of the 

eutectic 

Au/Bi eutectic thin-film solders having" layer thicknesses of 100 nm to a few 
pm 

Au/Bi eutectic thin-film solders having layer thicknesses of preferably 1-2 pm 
Solder structure having a eutectic phase with and without remaining source 
layers 

Solder structure not having a eutectic phase, instead having an interdif fusion 

layer (Au/Bi) with and without remaining source layer© 

Au/Bi thin-film solders having an electrical functionality 

Au/Bi thin-film solders having a thermal functionality 

Au/Bi thin-film solders having an adhesive functionality 

Au/Bi thin-film solders for the construction of electronic coniponents 

Au/Bi thin-film solders for the construction of thermoelectric components 

Au/Bi thin-film solders for the both-sided utilization of a substrate 

Au/Bi thin-film solders for utilization in submount technologies 



